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Abstract 
Innovative algorithm for solving simultaneous location and mapping problem in unknown environment is considered. The algorithm is based 
on the comparison of point clouds with bee swarm algorithm. The algorithm obtained was experimentally tested. The algorithm increases the 
number of calculations in several times as compared to standard methods of minimization (algorithm of gradient descent and others), but the 
function calculations in random points are similar operations and it enables the efficient application of parallel computations, thus resulting in 
increased performance. 
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1. Introduction 
One of the main problems in mobile robotics is simultaneous location and mapping (SLAM) in unknown environment. The 
first algorithms for the solution of this task were proposed by Leonard and Durrant-Whyte [1]. Their algorithms served for 
simultaneous estimation of newly perceived landmarks and position of mobile robot while mapping. Many researchers 
successfully expanded SLAM to indoor [2], outdoor [3], underground [4,5] and underwater [6] environments, in two-dimensional 
and three-dimensional applications [7,8,9].   
     Mapping in SLAM algorithms is based on comparison of data from sensors (odometry, lidar or sonar data) at discrete time 
instants: the object displacement along the basis is calculated with certain accuracy, then the map is supplemented with new data. 
Data comparison is characterized by high computing complexity. Accuracy of map development depends on accuracy of object 
position calculation. The existing algorithms of data comparison can be broken down into two types depending on the input data 
used by them: application of various features (lines, special points [10]) and application of "raw" data [11]. The considered 
algorithm is related to the second group. 
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Theoretical part 
2.1. Mathematical model 
The object position in two-dimensional space at each time instant is assigned by matrix R0, characterized by absolute 
coordinates x0,y0 and driving direction described by angle   φ0[-π; π]:
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where k – discrete instant of time. 
In order to obtain information about the environment, the HOKUYO utm-30lx-ew sensor is used, providing data in the range 
from -1350 up to 1350 with the step 0.250 at 40Hz, which can be presented by the following vector: 
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where    – point defined by the polar coordinate at time k, where =1…1081.
The example of the obtained data is graphically shown in Figure 1. 
Fig. 1. Histogram showing the lidar data. 
In Figure 1 there is the sharp change within relatively smoothly changing data describing the room perimeter. This array of 
points characterizes the object in the observed area. 
The representation of points in Cartesian coordinate system is shown in the following formula: 
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where l = 1 … 1081.
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Fig. 2. Lidar data in Cartesian coordinate system. 
Since lidar provides data concerning its position, it is located in the center of the local coordinate system. The sensor data in 
the global coordinate system will be defined as follows: 
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where l = 1 … 1081.
A robot can perform linear and angular movements, hence the current lidar data can be described as follows: 
TMkZkZ globalglobal  )1()( **                                                                                                                                             (5) 
where – rotation matrix; 
- displacement matrix. 
2.2. Algorithm of iterative closest point 
The task of mapping is to find the rotation and displacement matrices that describe the motion of an object. Algorithm of 
Iterative Closest Point (ICP) is applied to compare the clouds of points (finding rotation and displacement matrices). 
ICP algorithm includes the following steps: 
1. Find the closest point Zlast(x,y) from the previous scan for each point of the new scanning Znew (x,y). Connect the points 
following the criterion of the nearest neighbor. 
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where 2id – square of the distance between two points; 
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lastilasti yx , – point coordinates based on the previous scan;
newjnewj yx , – coordinates of the point based on the new scan. 
2. Calculate the displacement which minimizes the total mean square error between the closest corresponding points. 
¦ 
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where ),,( ayxR – displacement matrix. 
3. Perform multiple iterations: re-connect the points and find the displacement matrix as the mean square error reaches the 
minimum.  
One of the main features of ICP algorithm is the limitation of convergence area: it works only when clouds of points are rather 
close to each other. Otherwise, the algorithm can find a local minimum. Thus, for better accuracy in real time, all data must be 
processed because the two latest scans do not differ much [12]. Also, the algorithm is characterized by large computational 
complexity: search of the displacement that minimizes the total mean square error between the closest corresponding points takes 
most of the time. It was proposed to optimize this operation by bee algorithm. 
2.3. Bee algorithm 
Bee algorithm is one of the algorithms that describe the collective behavior of a decentralized self-organizing system. For the 
first time the term was introduced by Olson E. B.  in 1989 [13]. At the first step of algorithm, S number of scout bees goes to the 
points described with random parameters. Depending on the value of criterion function which is defined by coordinates of a bee, 
the perspective sites are allocated. In this zone the global maximum may be settled down. Select n best areas where the value of 
criterion function is high [14]. Select m areas where the value of the objective function is less than the "best" areas, but these 
areas are also "not bad" in terms of the objective function. N number of bees is sent to the neighborhood of n "best" areas, and M 
number of bees is sent to the neighborhood of m areas. At each step of the algorithm the neighborhood of areas where the bees 
are sent to decreases until the objective function value takes the assigned accuracy. 
3. Experimental part 
3.1. Application of algorithm in ICP 
The use of bee swarm algorithm has created the following algorithm: 
1. Upon receiving new data, 256 bees are initialized (due to the capabilities of the video card). Each of them has three 
parameters: x and y describe the displacement along the axes and α is the angular displacement of the sensor, and for the first bee 
all parameters equal 0. 
Parallel computations performed within the step 2 are clearly presented in the algorithm scheme (Fig. 3) as bees. While for the 
other bees the parameters are random values in the range depending on the robot maximum speed. 
2. Function  
for each bee is calculated simultaneously: the problem of the closest point search is solved. 
3. Choose one bee with the lowest value – min R (x, y, α), since the differences between the scans are minimal and the 
probability of falling into the local minimum is very low [15,16]. 
4. If the value of function is greater than the predetermined threshold (certain accuracy is not reached), new bees are "sent" 
again to the neighborhood of this point. Go to step 2. 
5. After finding the minimum of R, add new points on the map in accordance with the calculated parameters of displacement 
and rotation. 
6. Go to step 1. 
The algorithm is graphically shown in Figure 3. 
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Fig. 3. Scheme of the algorithm. 
4. Discussion 
4.1. Experimental al results 
The experiments were performed in the laboratory of technical vision of Kalashnikov Izhevsk State Technical University at 
Department of Mechatronics and Robotics. The sensor was mounted on the three-wheeled mobile robot (Figure 4). 
Fig. 4. Three-wheeled mobile robot, equipped with lidar. 
Add new data to map
Lidar
40Hz 
R1(x1,y1,α1)
New scan Beeinitialization RminR3(x3,y3,α3)
R2(x2,y2,α2)
Rn(xn,yn,αn)
Rmin>
Rmin(xmin,ymin,αmin)
Rk = Rmin
Robot position=(xk,yk,αk)
Update map
Robot position 
at time k-1
.   .   . No
Yes
310   Timur Mazitov et al. /  Procedia Engineering  149 ( 2016 )  305 – 312 
The robot was moving along the lab and making the map according to the developed method. Figure 5 shows the resulting 
map. Its resolution is 4 centimeters per pixel. The map size is 600 x 600 pixels. 
Fig. 5. Lidar data: a - position 1, b - position 2. 
Fig. 6. Resulting map of the laboratory. 
To assess the accuracy of the map and robot positioning, the Vicon system was used. It allows to determine the object position
in 3D space up to 1 mm. 
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Fig. 7. Robot: a - position 1, b - position 2. 
In the experiment the relocation of the robot measured by the Vicon positioning system and relocation on the map were 
compared. In addition to the map, two sphere-robots were placed for the experiment complication. Figure 7 shows the trajectory 
of the robot during the test and the robot position in which the measurements were taken. Figure 7a shows the LIDAR data in 
position 1 and Fig. 7b shows the LIDAR data in position 2. Figure 8 demonstrates the experiment at corresponding positions of 
the robot. 
When the robot moves from point 1 to point 2, according to the constructed map, the unit moved along axis X by 320 mm, 
along axis Y by 720 mm; according to the Vicon positioning system the displacement along X axis was 329 mm, along Y axis –
728 mm. Since the map construction has the resolution of 40 mm per pixel, the permissible measurement error is 40 mm. The 
resulting experimental deviations are within the error range.  
In addition, the developed algorithm was tested on personal computers with various configurations (see Table below). 
Table 1. An example of a table. 
Processor Video card Speed
Intel Core 2 Duo T6600 2.2 GHz
GeForce 240m 
96 cuda cores
18 frames per second
Intel Core i3-3120M 2.5 GHz
GeForce 740m 
384 cuda cores
50 frames per second
The most part of calculations is occupied by parallel processes on CPU, it is clearly shown in the given table. The speed of 
system operation for the video card with 384 parallel processors is 3 times higher than for the videocard with 96 processors. 
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5. Conclusion 
Application of bee algorithm adapted for parallel calculations in ICP algorithm allowed to significantly increase the data 
processing speed. The average number of iterations to find the angle of rotation and displacement between two scans was 2, 
while for standard minimization techniques 10 to 30 iterations are required. The average total mean-square error after the 
overlapping of two clouds of points equals 200 mm2. Taking into account the sensor error of 10 mm and large number of points 
(1081), the mean-square error is rather small. 
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